We present photometric and spectroscopic data analysis and orbital period study of an earlytype interacting binary system V382 Cyg by using all the available data. We made a simultaneous light and radial velocity curve solution. The derived physical parameters of the primary and secondary stellar components are days/yr that can be interpreted in terms of the high mass transfer ( dM dt = 6.1(5) × 10 −6 M ⊙ /yr) from the less massive component to the more massive component. Finally we modelled the evolution of the components using nonconservative codes and discussed the obtained results. The age of the binary system is estimated as 3.85 Myr.
Introduction
Massive interacting binary systems are the progenitor candidates of some high energy phenomena in astrophysics (e.g., supernovae). Solar-type close binary systems with convective envelopes can evolve in different ways than close massive stars. Yakut & Eggleton (2005) modelled latetype close binary systems assuming conservative and non-conservative cases. The authors proposed that a detached configuration can evolve into a semi-detached configuration followed by a contact configuration. Except late-type systems, we have less information on the evolution of the interactive massive binary systems, since there are a few binary systems with well-determined parameters. Therefore, systems like V382 Cyg, RY Sct (Djurasevic et al. 2008 ) and V729 Cyg (Yasarsoy et al. 2013, submitted) , etc. are crucial in observational studies of close massive binaries.
Photometric studies of V382 Cyg have been published by different researchers. The binary system V382 Cyg was discovered as a variable star by Morgentoth (1935) and Petrov (1946) and they classified the system as an eclipsing binary. The photometric UBV light variations of the system was obtained by Landolt (1964) by using 16-inch KPNO telescope. Modelling the light and radial velocity curves of the system, Bloomer et al. (1979) derived an orbital inclination of 87 o and M 1 = 26.7 (5)M ⊙ and M 2 = 18.9 (4)M ⊙ . Later photometric studies were performed by Cester et al. (1978) , Mayer et al. (1986) , Harries et al. (1997) , Deǧirmenci et al. (1999) and Qian et al. (2007) .
Spectroscopic studies of the system were provided by Pearce (1952) , Popper (1978) , Koch et al. (1979) , Harries et al. (1997) , Burkholder et al. (1997) and Mayer et al. (2002) . Popper (1978) studying the He I and He II lines derived the semi-amplitude of the radial velocity curve and the mass function for the components as K 1 = 255 km s −1 , K 2 = 360 km s −1 , M 1 sin 3 i = 26.7 M ⊙ and M 2 sin 3 i = 18.9 M ⊙ . Later on Popper and Hill (1991) recalculated the parameters as K 1 = 276 km s −1 and K 2 = 400 km s −1 and the masses as M 1 = 32.6 (1.8)M ⊙ and M 2 = 22.9(1.3)M ⊙ . By using photometric and spectroscopic data Harries et al. (1997) derived the mass of the components as M 1 = 26.0 (7)M ⊙ and M 2 = 19.3 (4)M ⊙ . Recently, Mayer et al. (2002) derived the masses for the stars as M 1 = 29.2 M ⊙ and M 2 = 21.2 M ⊙ . Spectral types of the components were defined by Pearce (1952) as O6.5+O7.5, by Popper (1980) as O7.3+O7.7, by Harries et al. (1997) as O7.3+O7.7 and by Burkholder et al. (1997) as O6.5V(f) + O6V(f). They gave distance module for the system as 11.5(5) mag. Garmany & Stencel (1992) classified V382 Cyg as a member of Cyg OB1 association.
New Observations
The observations were carried out on 25 nights in 2007-2011 with the 40-cm telescope that is equipped with the 2048 × 2048 Alta CCD camera at Ege University Observatory (EUO). The exposure times are 15 s for B, 5 s for V, 4 s for R and 4 s for I filter. The reduction and analysis of the frames have been managed using the IRAF packages to subtract the bias and dark then divide flat field, followed by aperture photometry (DIGIPHOT/APPHOT (Høg et al. 2000) . We have studied all the nights and each frames separately during the data reduction and standard deviations are estimated for B, V, R and I bands as 0.018, 0.013, 0.016 and 0.015, respectively. 3095, 2861, 2871 and 2772 points are obtained in B, V , R and I bands, respectively. We list all the observed data in Table 1 . The light curves of the system obtained in this study are shown in Fig. 1a .
We obtained three new minima times throughout these new observations. They are collated with those published and listed in Table 2 with their errors. Using Table 2 we derived a new linear ephemeris Eq. (1) that we believe to be useful for future studies on the system: HJD MinI = 24 54344.4972(8) + 1.8855270(2) × E.
(1) (HD 193204) . The phases were calculated using the Eq. (1). Table 1 is given in its entirety in the electronic edition of this paper. A portion of it is shown here for guidance regarding its form and content. 
Eclipse timings and period study
The difference between the observed (O) and calculated (C) times of minima in an eclipsing binary system can provide us information about any orbital period variation. The orbital period study of V382 Cyg was provided by Mayer et al. (1986) , Mayer et al. (1998) , Deǧirmenci et al. (1999) and Qian et al. (2007) . Using times of minima Mayer et al. (1986) deduced the linear elements of the system. Deǧirmenci et al. (1999) taking into account only the mass transfer between the components derived the mass transfer rate from the less massive component to the more massive one as 5.0 × 10 −6 M ⊙ yr −1 . Qian et al. (2007) analyzed the O-C diagram assuming both mass transfer (Ṁ = 4.3 × 10 −7 M ⊙ yr −1 ) and a third body.
Unlike previous studies of V382 Cyg, in this study we used only the most accurate (photoelectric and CCD data) minima times. We solve the O-C curve to find a parabolic variation which can be ascribed as mass transfer from the less massive companion to the more massive one. A total of 65 data points obtained with photometric/CCD observations are used to study the period variation of the system. Table 2 shows the data used during the analysis. The weighted least-squares method is used in order to determine the parameters of the upward parabolic variation. The residuals (O-C) I indicate a quadratic solution (Fig. 2a) . In order to estimate the light elements, the differential correction method is used. The residuals (O-C) II show a sinusoidal variation (Fig. 2b) . Therefore, we assumed a sinusoidal variation superposed on an upward parabola during O-C analysis. A sine-like variation in the O-C curve, where both the primary and the secondary minima follow the same trend, suggests the light time effect via the presence of a tertiary component. We used Eq. (2) during the O-C analysis.
where T o is the starting epoch for the primary minimum, E is the integer eclipse cycle number, P o is the orbital period of the eclipsing binary and a 12 , i ′ , e ′ and ω ′ are the semi-major axis, inclination, eccentricity and the longitude of the periastron of eclipsing pair about the third body and v ′ denotes the true anomaly of the position of the center of mass. Time of periastron passage T ′ and orbital period P ′ are the unknown parameters in Eq.(2) (see Kalomeni et al. 2007 for details).
Simultaneous solutions of light and radial velocity curves
The BVRI light curves obtained in this study are solved simultaneously with the radial velocity curve of Harries et al. (1997) and Mayer et al. (2002 ) using Phoebe (Prsa & Zwitter 2005 which is based on the WD code (Wilson & Devinney 1971; Wilson 1979; Wilson 1990) . During the solution we used weighted light curves that are constructed according to the standard deviation of each filter. The effective temperature of the hot star is chosen according to spectroscopic studies. The albedos values A 1 and A 2 , for the hot and cooler components are adopted from Rucinski (1969) , whilst the values of the gravity darkening coefficients g 1 and g 2 are taken from von Zeipel (1924) . The logarithmic limb-darkening law is used with the coefficients adopted from van Hamme (1993) for a solar composition star. The adjustable photometric parameters are orbital inclination, i, surface potential, Ω 1,2 , temperature of the secondary component T 2 , luminosity L 1 and the mass ratio q. The center of mass velocity V 0 and semi-major axis a are also set as free parameters as well as the time of minimum light, T 0 and the orbital period, P . Table 4 summarizes the result of the analysis. B, V , R and I light curves and the velocity curve computed using the determined parameters are shown by solid lines in Fig. 1a .
During solution we assumed both contact (C) and semi-detached (SD) configurations. We emphasized that both solutions have similar results (see Table 4 ). In Fig. 1 the light curve fits for a contact and a semi-detached configurations are shown with a dotted and a solid line, respectively. For the contact model the filling factor, which is expressed by (Ω in − Ω)/(Ω in − Ω out ) that varies from zero to unity from the inner (Ω in ) to the outer critical surface (Ω out ), is calculated to be f = 0.09. New solutions indicate that the system has a weak contact degree or that it is a semidetached binary with a near-contact configuration. 
Results and Conclusion
Newly obtained B, V, R and I light curves of the early-type interacting system V382 Cyg have been solved with earlier published spectroscopic studies. We derived the orbital and the physical parameters of the components from simultaneous solution and listed the physical parameters in Table 5. We calculated the masses as 27.9 M ⊙ and 20.8 M ⊙ which are ∼ 7% higher than those given by Harries et al. (1997) and ∼ 7% lower than Mayer et al. (2002) results. The distance of the system to the Sun is estimated as 1455 ∓ 76 pc using the observed parameters. During the calculations bolometric corrections are taken from Lanz & Hubeny (2003) , the effective temperature and absolute magnitude of the Sun are taken as 5777 K and 4.732 mag. Garmany & Stencel (1992) proposed that V382 Cyg may be a member of the Cyg OB1 association. The distance to Cyg OB1 reported by Uyanıker et al. (2001) in the range from 1.25 kpc to 1.83 kpc. In this study, the distance of V382 Cyg was found to be within this range, so it is likely to be a member of Cyg OB1.
We have collected 65 times of mid-eclipses including our three new ones to search any periodic variation. Analysis of O-C residuals can give us the reason of a periodic and/or nonperiodic variation. We applied the least-square method to the Eq. (2) to find the period change rate. Then the mass transfer rate is calculated and the possible third body parameters are estimated (Table 3) . According our analysis, there is a mass transfer from the less massive (initially massive one) to the more massive component ( dM dt = 6.1 × 10 −6 M ⊙ /yr) and the period change rate ( Ṗ P = 4.5 × 10 6 ). In this study, the obtained mass transfer ratio is nearly ten times higher than that of Qian et al. (2007) . This difference is probably due to their formalism. Additionally, we found new parameters for the tertiary component with 43.9 yrs outer period.
Isolated massive stars and massive stars in binary systems (e.g. V382 Cyg) evolve in different ways. The evolutionary path towards the final supernovae will become significantly different. The nature of the final stellar remnant may also be altered so that while a neutron star might be expected, mass transfer may lead to a black hole formation. Observations of systems similar to V382 Cyg can allow us to reveal the nature of the binary evolution and may help us to understand the possible variation of stellar lifecycles (see Eggleton 2010 , Eldridge & Stanway 2009 and Yakut et al. 2013 ). Using our newly obtained physical parameters we provide an evolution model of the massive interacting binary system V382 Cyg. We used the TWIN version of the EV code (Yakut & Eggleton 2005 , Eggleton 2008 , Eggleton 2010 ) that has been developed by Peter P. Eggleton.
We run a few models using different initial parameters. Among these models the best agreement with the observations is obtained for the model binary system whose initial period is 1.72 days, with a primary and secondary masses 28 M ⊙ and 23.5 M ⊙ . The first 28 models shrink slightly since the ZAMS is somewhat artificial. The massive compo- Table 6 ). After two more models it reaches a contact phase. This configuration is consistent with the O-C analysis (see §3). Therefore, our models show that the system looks like a semi-detached system but very close to a contact phase. We plotted our result in the H-R diagram and Mass-Radius planes (Fig. 3) . We found the age of the system to be 3.85 Myr which is in the range of age of Cygnus OB1 (e.g., Massey et al. 1995) . 
